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Diatoms from isolated islands II: Pseudostaurosira diablarum, a new species from a mangrove
ecosystem in the Galápagos Islands.
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1Department of Zoology, Biodiversity Institute, Oxford Martin School, University of Oxford, Oxford, UK
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Identifying and describing biodiversity remains fundamental to developing a proper understanding of ecological and biogeographic
processes. In this paper, we describe Pseudostaurosira diablarum Seddon & Witkowski sp. nov., a new diatom (Bacillariophyceae)
species discovered from Las Diablas wetlands, a brackish water coastal lagoon on the Galápagos Islands. The taxon was observed in both
the surface (i.e., extant) and core (i.e., sub-fossil) material from the lagoon, found on shaded mangrove substrata with salinities between
5.2 and 8 g L−1. These observations were confirmed by estimating the salinity tolerances of core samples from the palaeoecological
record using a diatom salinity transfer function. We provide light and electron microscope images of P. diablarum sp. nov. Under the light
microscope, the best diagnostic features are its lanceolate–elliptical shape, and the striae which are composed of a single row of areolae and
do not occur all the way to the apices. Under the scanning/transmission electron microscope, the most distinctive features are the delicate
closing plates which are less articulated and branched than in many of the other members of this genus, in addition to the simple, stunted
spines which interrupt the striae on the valve margin. The taxon described here constitutes further evidence that the Diablas wetlands are
an important site for diatom research, with the potential to provide insights into the processes resulting in the dispersal and evolution of
its diatom species.
Keywords: biogeography, brackish water, diatoms, Galápagos Islands, Fragilaria sensu lato, Pseudostaurosira
1. Introduction
The Galápagos Islands are a geographically isolated
archipelago located off the west coast of South America.
Although the native flora and fauna of the Galápagos have
been intensively studied (e.g., Grant 1999), our current
understanding of the processes governing the ecology and
evolution of diatoms on these islands remains poor (Seddon
et al. 2011a). The first list of Galápagos diatoms was pub-
lished by Ehrenberg (1853). This was later expanded by
Cleve (1881), resulting in a list of 45 taxa, 18 of which
were described as new species. Following this, four saline
lakes on the islands of Fernandina and Isabela were exam-
ined by Patrick (1970), revealing 27 taxa in total. Eleven
of the taxa identified in this study were described as new to
science, and a further four new species were described by
Hendey (1971) from the marine–littoral zone. In all these
studies, diatom assemblages on the Galápagos appeared to
be a mixture of rare, previously unseen forms, in combina-
tion with more common taxa found at sites on continental
locations around the world.
∗Corresponding author. E-mail: alistair.seddon@zoo.ox.ac.uk
(Received 28 February 2013; accepted 15 November 2013)
Recent interest in the biogeographical processes deter-
mining the formation of diatom communities emerged
following a palaeoecological study of the Diablas wetlands,
a 1 km2 brackish coastal lagoon on the island of Isabela
(Seddon et al. 2011b). In an investigation into the threshold
responses of mangrove vegetation to climatic change and
sea-level variability in the coastal lagoon, diatom assem-
blages from a sediment core were used to reconstruct
salinity changes over the past 2700 years. Although many
of the taxa observed in the core had previously been found
from brackish sites in the Baltic, North America and South
America, 10 species of diatom from the genus Navicula
sensu stricto were also described (Seddon et al. 2011a). It
was hypothesized that four of these new specieswere evolu-
tionarily closely related on account of their morphological
similarity.
One explanation of these findings was the possibil-
ity that certain diatom species on the Galápagos have
evolved in situ as a result of biogeographical isolation.
Indeed, although traditional theories have proposed that
© 2014 The International Society for Diatom Research
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202 Seddon et al.
their fast generation times and large population sizes mean
that barriers to diatom dispersal are limited, several recent
studies have called this assumption into question (see, e.g.,
Vyverman et al. 2007). However, at present, we lack the
basic taxonomic and ecological information to make infer-
ences about the processes influencing the biogeography and
distribution of diatoms in the Galápagos. Future studies
aimed at comparing the structure and richness of diatom
assemblages from sites of similar ecological conditions
would provide insights into this question, but before this
can be achieved more information on the species inhabiting
these islands is needed.
In this paper, we continue our study into the diatom
diversity of the Diablas wetlands by describing a species in
the genusPseudostaurosiraWilliams&Round that we pro-
pose is new to science. Pseudostaurosira diablarum is an
araphid diatom first found in the Holocene sediments of the
Diablas coastal lagoon. Here, we provide descriptions, light
microscope (LM), scanning electron (SEM) and transmis-
sion electron microscope (TEM) images of this new taxon.
We also use palaeoecological information [diatom salinity
transfer function, stable carbon isotopes (δ13C)] from the
sediment core to enhance our inferences about its ecology
and salinity tolerance.
Methods
Sampling and specimen preparation
A 4.91m core spanning the last 2700 years (Seddon et al.,
2011b) was collected using a Modified Livingstone Piston
corer from a lagoon in the Diablas wetlands (0◦96′07′′S,
90◦98′17′′W) in August 2005. The lagoon is a 79 ha per-
manent, brackish coastal lagoon located at sea level on the
south side of Isla Isabela, with a maximum water depth
of 1.5m and a mean salinity of 7.4 g L−1. Surface samples
from across transects running at regular intervals across the
lagoonwere also taken in January 2009, enabling the collec-
tion of material from a diverse range of habitats (mangrove
roots, leaf litter and microbial mats).
Wet sediment samples of 1 cm3 were boiled in 30%
H2O2 until the organic matter was completely removed,
treated overnight at room temperature with 10% HCl in
order to remove CaCO3, and then washed several times
with distilled water. Permanent slides were mounted using
Naphrax® (Brunel Microscopes Ltd., Chippenham, UK)
and examined under a LMusing a LeicaDMLBmicroscope
equipped with a Plan Apochromatic oil immersion objec-
tive (×100/NA1.4; Leica Mikrosysteme Vertrieb GmbH,
Wetzlar, Germany). For SEM, a few drops of cleaned mate-
rial were air-dried on aluminium stubs, coated with gold
and examined at 5 kV in a Hitachi S4500 (Hitachi Ltd.,
Ibaraki-ken, Japan) at Goethe University in Frankfurt am
Main and at the Warsaw University of Technology, Faculty
of Materials Science and Engineering. For TEM, observa-
tions were made using a Hitachi S5500 (Hitachi Ltd) at the
Warsaw University of Technology. Permanent slides and
rawsamples of cleaneddiatommaterial havebeendeposited
in the diatom collection of A. Witkowski at the University
of Szczecin in Poland (SZCZ), Please delete as the NHM
did not repsond in time with accession numbers. London,
and the Charles Darwin Research Station (CDRS), Puerto
Ayora, Galápagos.
Ecological classifications
Between 300 and 500 valves of all diatom species present
were counted for each sample at 4 cm intervals throughout
the core and for each of the transect specimens using LM. In
order to investigate community associations ofP. diablarum
with other taxa, principal components analyses (PCA) were
undertaken on both the core and the modern datasets using
the vegan package in R (Oksanen et al. 2013, R Core Team
2013). Percentage values were transformed by square roots
and analyses were conducted on species which contributed
to> 5% of the total sum of any sample. To aid in the visual
interpretations of PCA plots, only the species with the top
eight absolute loading scores for each axis (PC1 and PC2)
were plotted.
To provide an estimate of the salinity preferences of the
taxon, percentage data from the eight surface samples for
which the species was present were plotted against salinity.
We also removed the species from the calibration train-
ing set used in Seddon et al. (2011b), and re-estimated
the salinity of the core samples using a weighted average
(WA) calibration function (e.g., Birks et al. 1990) using the
rioja package (Juggins 2012) in R (R Core Team 2013).
The bootstrapping function (n = 1000) was selected in this
function to provide individual sample error estimates fol-
lowing the method described in Birks et al. (1990). The
percentage abundance values of P. diablarum from the core
samples were then plotted against these salinity estimates,
thus enabling us to use the palaeoecological record to pro-
vide further information on its salinity tolerance. This is
similar to an algorithm designed to estimate environmental
tolerances of estimates of individual species when no other
ecological information is available (Hill et al. 2000). The
training set is an amalgamation of the MOLTEN dataset
from coastal areas in the Baltic (e.g., Weckström& Juggins
2006), with additions from Galápagos samples. Further
details of the calibration training set can be found in Seddon
et al. (2011b).
Results
Taxonomy
Pseudostaurosira diablarum Seddon &Witkowski sp. nov.
Descriptio. Valvae elliptico–lanceolatae aut late lanceo-
latae cum apicibus rotundis quoad specimina minora et
lanceolata cum apicibus rostratis quoad individua maiora,
5–20µm longae, 3–4.5µm latae. Valvae leviter heteropo-
lares apparentes. Sternum anguste–lineare. Facies sterni
cum canalibus transapicalibus tegitur, qui de striis ad
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Diatoms from isolated islands II 203
Figs 1–19. Light micrographs of P. diablarum Seddon & Witkowski sp. nov. Holotype specimen (Figs. 14–15). Scale bar = 10µm.
Figs 20–23. Electron micrographs of P. diablarum. Fig. 20. External valve face view. Fig. 21. Girdle view. Fig. 22. Internal valve face
view. Fig. 23. Valve face view. Figs. 24–26. Transmission electron micrographs of P. diablarum. Fig. 24. Internal view of apical ending.
Fig. 25. Areola occlusion (closing plate). Fig. 26. External valve face view.
centrum valvae extendunt. Canales indistinctis gibbis in
superficie valvae separantur, qui ad interstrias congruunt.
Striae transapicales solum ut areolae singulae dense ad
margines valvae apparentes, 15–17 in 10µm. In parte api-
cali valvae striae absunt. Campi apicales pororum male
evolvant, cum paucis poris simplicibus. Valvocopula lata
et paucae copulae apertae cingulum formantes.
Holotype. Here designated praep. No. SZCZ 19825
deposited in Coll. A. Witkowski leg. A. Seddon, sample
275 cm 2009, specimen encircled on the holotype slide.
Isotype. Here designated slide no. CDS 54837 in Charles
Darwin Research Station, Puerto Ayora, Galapagos.
Etymology. the specific epithet is derived from the name of
the lagoon from which it has been described.
LM (Figs 1–19). Valves rather small, elliptic–lanceolate in
small specimens (e.g., Figs 1–12) and lanceolate in larger
specimens (e.g., Figs 13–19), 5–20µm long, 3–4.4µm
broad. The apices are slightly rounded in small specimens,
to cuneate in the longest specimens, and the valve outlines
are isopolar to very slightly heteropolar (e.g., Fig. 19). The
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Fig 27. Ecological assemblage and salinity tolerance of P. diablarum. (a) Palaeoecological data (stable isotopes of carbon), predicted
down-core salinities, and % abundance of P. diablarum from the core. Grey areas around the salinity curve represent one standard
deviation. All other data from Seddon et al. 2011b. (b) PCA plot of surface sample transect. Species with the top eight largest loading
scores (absolute values) for each axis are plotted. Pseudostaurosira diablarum marked in bold dark line. (c) Salinity tolerances inferred
from palaeoecological (circles) and surface sample (sqaures) data. (d) PCA plot of core transect (species with values > 10% marked).
Species with the top eight largest loading scores (absolute values) for each axis are plotted. Pseudostaurosira diablarum marked in blue.
Full nomenclatural names are given Supplemental Material 2.
sternum is narrow, linear, formed by the fusion of a set of
transapically oriented grooves which extend from the striae
towards the valve middle, but it is only possible to observe
this feature clearly in larger specimens (e.g., Figs 12, 14–15,
17–19). The grooves are separated by indistinct elevations
on the valve surface, which correspond to the interstriae
(virgae). In LM, the transapical striae are observed as sin-
gle areolae positioned very close to the valvemargin, 15–17
in 10µm. In the apical part of the valve the striae are
missing.
SEM/TEM (Figs 20–26). Valve-outline isopolar to slightly
heteropolar. The valve face is flat (Figs 20, 23, 26) and the
valve surface is covered with indistinct elevations, which
correspond to the interstriae, and which are separated by
shallow grooves (Figs 20, 23). The grooves are located
opposite the striae forming areolae. Both elevations and
grooves fuse in the valvemiddle to a narrow linear structure
representing the sternum. The transapical striae are com-
posed of two elliptical–oblong areolae, one on the valve
face near the margin and the second one on the uppermost
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Diatoms from isolated islands II 205
part of the mantle, and do not to extend all the way to the
apices (Figs 20–21, 23, 26). Simple spines are located at the
valve face–mantle junction interrupting the striae (Figs 20,
21, 23). Spines are positionedwithin a small, crater-like ele-
vation (Figs 20, 23), and are always located in the position
of the areolae. Areolae are occluded by partially branched
volae (Figs 24, 25), which are less articulated than other
species in Pseudostaurosira. In the apical part of the valve,
the striae are missing, and the apical pore fields are poorly
developed, containing a few poroids (Fig. 23, 24). Inter-
nally, the valve face is flat to slightly domed, the mantle
is relatively high, and openings of striae forming areolae
are visible along the valve margin on account of the areolae
being formed in a depression (Fig. 27). In girdle viewP. dia-
blarum has a high valve mantle bearing plaque structures.
The girdle is composed of numerous open copulae, with a
broad valvocopula (Fig. 21).
Diagnosis
Pseudostaurosira diablarum can be confused with several
other elliptical araphid species and proper diagnosis should
bemade using a combination ofLMandSEM(Table 1). The
most similar species are Pseudostaurosira elliptica (Schu-
mann) Edlund, Morales & Spaulding, Pseudostaurosira
brevistriata (Grunow) Williams & Round, Pseudostau-
rosira neoelliptica (Witkowski) Morales and Pseudostau-
rosiropsis geocollegarum (Witkowski & Lange-Bertalot
Morales). In LM, P. diablarum is very similar to P. elliptica
(Edlund et al. 2006, figs 1–16, p. 56), but in SEM it has
less well-developed spines (e.g., Edlund et al. 2006, fig. 24,
p. 58) and its areolae occlusions are less finely branched
(e.g., Edlund et al. 2006, fig. 20, p. 57). These features
should also enable it to be distinguished from the smaller
elliptical valves of P. brevistriata (Grunow) Williams &
Round (see e.g., the examples presented byMorales 2010a).
Pseudostaurosira neoelliptica is also similar to our taxa
under LM, and is also found in brackish waters in the
Baltic Sea (Witkowski 1994). However, in LM the valves
of P. neoelliptica are more linear than P. diablarum, and
under SEM the spines are hollow and spatulate. In addition,
in P. neoelliptica the striae are composed of 2–3 areolae on
both the valve face and mantle, and are composed of areo-
lae which decrease in size away from the valve face edge
(see micrographs provided by Morales 2010b). Finally, in
LM there are also some broad similarities with P. geocolle-
garum (Witkowski & Lange-Bertalot Morales). However,
the latter is narrowerwithmore protracted sub-capitate ends
and the striae do not continue all the way to the apices in
P. diablarum. Under SEM the spines and areola occlusions
of P. geocollegarum are more robust (e.g., Morales 2002,
plate 2, figs 1–6, p. 106).
Ecology/palaeoecology
Pseudostaurosira diablarum was found in larger relative
abundances in the first section of the core between 2700
and 2000 cal yrBP, with percentages between 1 and 7%,
and with a peak at 2020 cal yrBP (38.2%) (Fig. 27a). In
general, it was then present in low percentages (0–2%) for
the remainder of the record. In terms of associations with
other taxa, the PCA revealed that P. diablarum was mainly
associated with other members of Fragilaria sensu lato
at this time, including Fragilaria cf. subsalina (Grunow)
Lange-Bertalot and P. geocollegarum (Fig. 27b). Its occur-
rence in the organic-rich sediments at the base of the core
with low δ13C values (between−27 and−20‰), combined
with the salinity reconstructions made in this paper, suggest
that it was living on a mangrove-dominated substratum, in
brackish waters (between 4 and 12.5 g L−1 of salt content)
(Seddon et al. 2011b). The salinity reconstructions using the
modified dataset (i.e., with P. diablarum removed) are very
similar to those from the original reconstruction (Seddon
et al. 2011b) due to the generally low abundance of P. dia-
blarum throughout the record (Supplemental Material 1).
In the surface transect from the Diablas wetlands, P.
diablarum was found in eight (of 30) samples with salin-
ities between 5.2 and 8 gL−1(Fig. 27c), all of which were
fromshadedmangrovehabitats. Itsmaximumrelative abun-
dance reached 46.8% at a salinity of 5.2 gL−1. The PCA
plot revealed that this species shares similar assemblage
characteristics to P. geocollegarum and an as yet uncon-
firmed taxon apparently belonging to the genus Parlibellus
E.J. Cox (potentially twomorphotypes observed, Seddon&
Witkowski unpub.) (Fig. 27d). Thus, the findings from the
surface transect broadly agree with the estimates from the
palaeoecological data, suggesting the taxonprefers brackish
salinities in shaded mangrove habitats.
Discussion
Generic discussion
The taxa within Fragilaria sensu lato are extremely mor-
phologically and ecologically diverse, found either growing
attached to substrata, or floating freely in the water col-
umn. Following the improved resolution and imaging made
available by SEM techniques, it was clear that a major revi-
sion of Fragilaria sensu lato was necessary (Williams &
Round 1987). Today, Fragilaria sensu lato has been sep-
arated into eight genera (Williams & Round 1987, Round
et al. 1990, Flower et al. 1996, Morales 2001) and their taxa
have been the focus of intense discussion with regards to
their phylogenetic relationships (e.g., Medlin et al. 2008,
2012).
Pseudostaurosirawas establishedbyWilliams&Round
(1987) during thesemajor revisions. It currently contains 35
taxa (28 accepted) (Guiry & Guiry 2013), found globally in
oligotrophic–acidic inland waters, to high conductivity and
marine littoral habitats (Morales 2001, Kulikovskiy 2008,
Witkowski et al. 2010a, b). The type species for the genus is
P. brevistriata, first described as Fragilaria brevistriata by
Grunow (van Heurck 1885). Following the interpretation of
Patrick & Reimer (1966) and using the SEM provided by
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Table 1. Comparison of key morphological features of Pseudostaurosira diablarum with the other closely related taxa in Pseudostaurosira and Pseudostaurosiropsis.
Pseudostaurosira Pseudostaurosira
diablarum Pseudostaurosira Pseudostaurosira Pseudostaurosira Pseudostaurosira Pseudostaurosira parasitica Pseudostaurosira Pseudostaurosiropsis
sp. Nov. brevistriata elliptica microstriata neoelliptica polonica (W. Smith) Morales tenuis geocollegarum
Reference This paper Van Heurck (1885),
Patrick & Reimer
(1966), Williams
& Round (1987),
Morales (2010a)∗
Schumann (1867),
Edlund et al.
(2006)∗
Marciniak (1982)∗,
Flower (2005)
Witkowski (1994),
Morales (2010b)∗
Witkowski et al.
(1995), Morales
& Edlund (2003)∗
W. Smith (1856),
Round &Maidana
(2001), Morales
(2003), Morales
(2010c)∗
Morales &
Edlund
(2003)∗
Witkowski
et al. (1995),
Morales
(2002)∗
Valve outline Elliptic–lanceolate
to lanceolate
with cuneate to
narrowly rounded
ends.
Elliptic to lanceolate
with rostrate to
rounded ends.
Morphology
highly variable.
Elliptic–lanceolate
with cuneate to
rounded ends.
Lanceolate with
inflated central
portion. Obtusely
rounded to
sub-capitate ends
Lanceolate–elliptic
to linear with
broadly rounded
ends.
Elliptic with slightly
tapering to
broadly rounded
ends.
Lanceolate with
highly inflated
central portion
and rostrate to
sub-capitate ends.
Lanceolate
with inflated
central
portion and
acute rostrate
ends.
Linear–elliptic
with slightly
inflated
central
portion and
sub-capitate
ends.
Length/Breadth
(µm)
5–20; 3–4.4 10–26; 3.5–4 6–14; 3–3.5 5.5–7.5 (20); 2.1–3.3 10–14; 3–4 10–30; 3.5–5 9–18; 4.5–5 6–14; 2 5–16; 2.3–3.5
Colony formation Rectangular in
girdle view. Chain
formation not
observed.
Rectangular in girdle
view. Forming
linear chains.
Rectangular in girdle
view. Forming
linear chains.
Rectangular in
girdle view. Chain
formation not
observed.
Rectangular in girdle
view. Forming
short linear
chains.
Rectangular in girdle
view. Forming
linear chains.
Chain formation not
observed.
Rectangular in
girdle view.
Forming
short, linear
chains.
Rectangular in
girdle view.
Forming
linear chains.
Apical structure Apical pore
fields reduced,
containing a few
simple poroids.
No striae found at
apices.
Apical pore
fields reduced,
containing a few
simple poroids.
Striae found
at/close to apices.
Apical pore
fields reduced,
containing 3–6
simple poroids.
Striae found
at/close to apices.
Apical pore fields
not observed. No
striae found at
apices.
Apical pore fields
containing ∼ 10
poroids. Straie
found at/close to
apices.
Apical pore
fields reduced,
containing a few
simple poroids.
Striae found
at/close to apices.
Apical pore fields
containing ∼ 20
poroids. Striae not
found at apices.
Apical pore
fields
reduced,
containing a
few simple
poroids.
Striae found
at/close to
apices.
Apical pore
fields, absent
or extremely
reduced.
Striae found
at apices.
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Spines Poorly developed,
simple, flattened,
located on the
striae.
Solid, spatulate,
located on striae.
Hollow, spatulate,
located on striae
Absent. Hollow, spatulate,
located on straie.
Hollow at base,
spatulate, located
interrupting striae.
Absent. Poorly
developed,
simple,
conical,
located on
striae.
Spatulate spines
located on
striae.
Sternum Narrow, linear,
formed by the
fusion of a set
of transapically
oriented grooves.
Broad, elliptic–
lanceolate.
Broad, elliptic–
lanceolate.
Broad, lanceolate. Broad, lanceolate. Broad, lanceolate. Narrow, lanceolate,
formed by the
fusion of a set
of transapically
oriented grooves.
Broad,
lanceolate.
Broad, elliptic–
lanceolate.
Striae (Stria density
in 10µm in
parenthesis)
Uniseriate,
composed of two
oblong areolae,
one on valve face
and one on valve
mantle (15–17).
Uniseriate, alternate,
composed of a
few large elliptical
and smaller round
areolae (12–15).
Uniseriate alternate,
composed of two
round areolae,
one on valve face
and one on valve
mantle (14–16).
Uniseriate, alternate,
Single areolae
on valve face.
Mantle areolae
not observed
(18–22).
Uniseriate, alternate,
composed of
round areolae
which decrease
in size from
valve face edge
towards axial area
(12–15).
Uniseriate, alternate,
composed of two
large areolae, one
on the one on
valve face and one
on valve mantle
(13–15).
Uniseriate, alternate,
composed of
broad, round to
oval areolae, with
one on the valve
mantle (19–21).
Uniseriate,
alternate,
composed of
two square
areolae, one
on the valve
face and one
on the valve
mantle (23).
Uniseriate,
alternate,
composed of
two rows of
areolae, one
row on the
valve face and
one on the
valve mantle
(14–16).
Areola occlusions Covered by only
partially branched
volae.
Delicately occluded
by 2–3 double-
branched
volae.
Heavily occluded
by 2–5 double-
branched
volae.
Not observed. Occluded by 2–5
double-branched
volae.
Heavily occluded
by 2–8 well-
developed,
double-branched
volae.
Lightly occluded
by 2–5 delicately
branched volae.
Occluded by
2–5 double-
branched
volae.
Disc-like,
covering
whole
areolae.
Note: ∗References contain the images used to make the comparisons with P. diablarum.
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Morales (2010a), P. brevistriata has elliptic to lanceolate
valves with rostrate to rounded endings, with solid, spatu-
late spines enabling it to form long, linear chains (Morales
2010a). The striae are uniseriate, with 1–3 areolae per stria.
It has reduced apical pore fields and its areola occlusions
contain delicate, highly branched volae (Morales 2010a).
The morphological features presented in this paper
suggest that our taxon also belongs in Pseudostau-
rosira. Its valve outline and general sternum structure
are broadly comparable with the smaller valves of P.
brevistriata (Patrick & Reimer 1966, Morales 2010a).
It also has uniseriate striae and its reduced apical pore
fields are very similar to the type species (Morales
2010a). One important difference, however, is the less-
articulated closing plates in P. diablarum (Fig. 25). In
our taxon, these are more similar to P. trainorii (e.g.,
Morales 2001, fig. 6, p. 114) and contrast with those
in P. brevistriata (Morales 2010a), and indeed many
other Pseudostaurosira taxa (see e.g., Morales & Edlund
2003, fig. 50, p. 236). Similarly, in P. diablarum, the spines
are less well developed compared with other members of
the genus (Figs 20, 21, 23).
Comparison with other morphologically related taxa
(Table 1)
Comparisons with key features of other closely related taxa
are provided in Table 1.
Pseudostaurosira elliptica and P. tenuis Morales &
Edlund have ellipitical or lanceolate shaped valves, with
reduced apical pore fields and uniseriate striae, but their
spines are more delicately branched than in P. diablarum
(see e.g., Morales & Edlund 2003, figs 39–44, p. 233).
Pseudostaurosira diablarum also differs from P. tenuis in
terms of stria density (15–17 compared with 23 per 10µm).
In comparison with P. neoelliptica, our taxon has more
lanceolate–elliptic valves and a higher stria density (12–
15 per 10µm in P. neoelliptica), and in SEM the striae are
composed of 2–3 areolae which decrease in size away from
the valve face edge (see micrographs provided by Morales
2010b). Pseudostaurosira polonica (Witak & Lange-
Bertalot) Morales shares the same stria density and reduced
pore fields, but its valves are more elliptical and its areolae
are broader (e.g., Morales & Edlund 2003, fig. 45, p. 236).
The transapically oriented grooves extending from the
striae towards the valve middle in P. diablarum are similar
to those observed in Pseudostaurosira parasitica (Smith)
Morales. However, the latter has amore inflated central por-
tion than P. diablarum, more clearly developed apical pore
fields (containing ∼ 20 poroids), and round to oval areo-
lae with delicately branched volae (see e.g., micrographs
provided by Morales 2010c). Finally, in general, smaller
valves of P. diablarum are also similar to the type mate-
rial of P. microstriata (Marciniak) Flower, but the latter
has a higher stria density (9–11 in 5µm), and the central
section of its valve is more inflated with more extended,
sub-capitate ends (Marciniak 1982) (Marciniak 1982,
plate II, figs. 5, 6).
In terms of other genera, P. diablarum is similar to Ps.
geocollegarum under LM. Both taxa have flat valve faces,
with spines that interrupt the striae around the valve margin
and a single row of areolae on the valve face (e.g., Morales
2002, plate 2, figs 1–6, p. 106). However, striae are found
all theway up to the apices inP. geocollegarum, and the are-
ola occlusions are disc-like and sometimes attached to the
base of the spines. There are also some broad similarities to
Rimoneis inanisM.Garcia under LM, described from tropi-
cal lagoons in Brazil (Garcia 2010). This has a single row of
small dot-like areolae located along the valvemargin, but its
mantle is also ornamented with several rows of small areo-
lae. In addition, the apex inR. inanis is different since it bears
a few slit like openings resembling those in Synedropsis
Hasle, Medlin & Syvertsen (e.g., Hasle et al. 1994).
Ecology
Although we have limited contemporary data on the dis-
tribution of this species, the palaeoecological record can
provide additional information on its ecological preferences
and tolerances. Pseudostaurosira diablarum was mainly
found in the shaded mangrove section of the sediment core
from theDiablaswetlands (represented by δ13Cvalues rang-
ing between approximately−27 and−20‰) (Fig. 27a) and
reconstructions from the diatom transfer function from the
other known diatom species in the core suggest that it was
present in brackish salinities ranging between 4 and 12 gL−1
(Fig. 27a). This is consistent with the results from the eight
(out of 30) surface samples in whichP. diablarum occurred,
all of which were from a shaded mangrove substratum.
The discovery of a brackish member of Pseuodstau-
rosira is interesting since the other members of the genus
are generally found in freshwater habitats (Hofmann et al.
2011). DominantPseudostaurosira species found to inhabit
such freshwater habitats include P. brevistriata, P. binodis
(Ehrenberg) Edlund and P. pseudoconstruens (Marciniak)
Williams&Round, ranging fromcalcium rich or softwaters
that are usually oligotrophic to mesotrophic (Krammer &
Lange-Bertalot 1991, Hofmann et al. 2011). Thus, our
finding, alongwithP. perminuta (Grunow)Sabbe&Wyver-
man and P. neoelliptica (Witkowski) Morales, is one of the
few examples of a brackish-water Pseudostaurosira, fur-
ther expanding the known salinity tolerance of this genus.
Growth experiments investigating the ecological tolerances
of extant strains of this taxon (e.g., Cox 1993) could provide
further support to the inferences made from the analyses
presented here.
Perspectives
The finding of another new species indicates that the lagoon
in the Diablas wetlands remains an interesting place for
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diatom research. Indeed, fragilarioid diatoms in the Diablas
lagoon samples are numerous, with forms belonging in a
species cluster ofFragilaria cf. subsalina (Grunow) Lange-
Bertalot and a few Pseudostaurosiropsis sp., including P.
geocollegarum and P. punctiformis (Witkowski, Metzeltin
& Lange-Bertalot) Witkowski, Seddon & Pliñski (Plin´ski
& Witkowski 2011). In both groups mentioned above, we
see the potential for the separation of further species that
are new to science, whilst additional new taxa, species
(including a new species in Craticula Grunow) and genera
(Witkowski & Seddon, unpublished data) have also been
observed.
However, because studies in the tropics are scant, it
remains to be seen whether P. diablarum occurs on other
islands or in continental water bodies. Currently, the main
sources of knowledge for understanding the distribution
of South American diatoms are Rumrich et al. (2000),
Metzeltin et al. (2005) and Metzeltin & Lange-Bertalot
(1998, 2007) but analysis of these floras indicates that there
is very little overlap with the taxa observed in the Diablas
lagoon core. It is likely that this is because the continental
studies were generally focused on samples from freshwa-
ter lakes (although a few lagoonal samples were included
by Metzeltin et al. 2005), and it is therefore unsurprising
that we find little overlap with taxa from a coastal brack-
ish lagoonal site. Thus, although the results of this study
are important, providing one small step forward into under-
standing the true extent of diatom distributions across the
archipelago, further studies are required. Molecular phylo-
genies developed for this, and for related taxa (e.g., Trobajo
et al. 2009), combined with a more extensive search for
diatoms from across the tropics, will surely provide crucial
insights into the processes driving diatom diversity on these
islands. Such investigations are planned in further study.
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